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Abstract
The development and validation of a mathematical model of an ice storage tank with heat exchangers that can be de-iced is
presented. The ice storage model was developed for heating applications using combined solar thermal and heat pump systems.
The inﬂuence of a growing ice layer on the performance of ﬂat plate and coil type heat exchangers was theoretically analyzed.
Experiments were conducted with a laboratory scale ice storage of 1 m3. Several operating modes were investigated in order to
validate the model under all conditions of interest. The model predicted successfully most of the operating modes for the main
variables such as heat exchanger outlet temperature and energy transferred, mass of ice produced and melted, and time of ice
formation. However, the melting of ice showed a great dependency on uncertain model parameters used for the calculation.
c© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/)
Selection and/or peer-review under responsibility of ISES.
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1. Introduction
Combining solar collectors with a heat pump for heating and domestic hot water preparation is an attractive option
in order to reduce electricity consumption of the heat pump. A review of solar assisted heat pump systems is provided
by Trinkl et al. [1]. Ice storages can be used as sources for heat pumps and are an alternative to ground source systems
when boreholes cannot be drilled. Ice storage concepts can also be used instead of air source based systems when
eﬃciency or noise problems are of concern [2].
When the heat pump extracts heat from the ice storage with brine temperatures below 0 oC ice is formed on the
surface of the immersed heat exchangers in the storage. Growing ice layers on the heat exchanger decrease the overall
heat transfer coeﬃcient from the ice forming layer to the brine in the heat exchanger which results in lower brine
temperatures, and thus in a lower heat pump performance. A strategy to prevent the eﬀect of a decreasing overall heat
transfer coeﬃcient of a ﬂat plate heat exchanger is to remove the ice layers periodically. The heat exchanger is de-iced
when the heat pump is switched oﬀ before reaching too low brine temperatures by melting a small amount of ice that is
in contact with the heat exchanger. Thereupon the ice layers separate from the heat exchangers due to buoyancy forces
and accumulate at the water surface of the ice storage. A prototype of a ﬂat plate heat exchanger that can be de-iced
was previously developed [4,5]. The main components and energy ﬂows of a possible heating system including an ice
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Fig. 1. Scheme of (a) solar thermal heat pump system concept (cf. [3]) with ice storage and heat exchangers that can be de-iced and (b) experimental
setup for the validation of the ice storage model
storage with immersed heat exchangers is shown schematically in Fig. 1(a) (scheme according to [3]). In this concept
de-icing is done with heat from the solar collectors or with heat from the lower part of the combi-storage. In this work
the development of a mathematical model of an ice storage with heat exchangers that can be de-iced is described. The
model is validated with experiments that were conducted in a laboratory scale ice storage of 1 m3 volume. The ice
storage model is based on a preliminary version presented in [5]. The present model has features of standard storage
tanks [6–8] plus those of ice storage models [1,9–11].
2. Mathematical formulation of the ice storage model
The mathematical model for the ice storage is based on the solution of the energy conservation law applied to the
water of the storage integrated over several control volumes (CV). Physical properties are assumed to be constant in
all CVs. The model neglects forced convection heat transfer between CVs because no direct charging or discharging
that would lead to a net mass ﬂow from one CV to the next is possible for this storage. Therefore the body forces
are the only mechanisms able to produce ﬂuid movement. As typically done in storage tank models (see for example
[7]), a reversion elimination algorithm is used to account for the mixing of layers when the vertical density gradient
is positive. With the hypothesis described above, the global energy balance for each CV reads:
Q˙a = Q˙c + Q˙l + Q˙ice,s + Q˙ice,m + Q˙hx (1)
where Q˙a is the accumulated heat in the water of the storage in [W], Q˙c is the conductive heat transfer between
CVs, Q˙l are the losses to the surroundings , Q˙ice,s is the heat used for solidiﬁcation, Q˙ice,m is the energy used to melt the
ﬂoating ice and Q˙hx is the power provided by heat exchangers to the storage. Eq. 2 is solved for a prescribed number
of control volumes. The convention used here is that positive heat ﬂuxes are assumed to increase the accumulated
heat of a CV.
The accumulated heat in the water storage in a discretized form reads:
Q˙a = ρcpV
Tw − T 0w
Δt
(2)
where ρ is the density, cp is the speciﬁc heat capacity, Tw is the temperature of the water, V the volume occupied
by the water in the CV and Δt is the time step. The superscript 0 refers to the previous time step.
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The heat of conduction between CVs, Qc, is calculated using and eﬀective conductivity λe f f (see for example [6]).
The heat losses to the surroundings through the external surface area of the storage tank are calculated assuming a
constant heat transfer coeﬃcient for each CV as in [8]. The terms Q˙ice,s, Q˙ice,m, and Q˙hx are explained in the following
sections.
A temperature reversion elimination algorithm forces ﬂuid temperatures of the diﬀerent layers to increase with
height [7] allowing stratiﬁcation eﬀects. When the storage tank is heated in a position diﬀerent from the top, a positive
density vertical gradient provokes a ﬂuid instability, which in turns causes a mixing process due to natural convection.
This process ends up with higher and uniformly mixed temperature in the upper layers. The model developed here
also considers that around Tρ,max = 4oC the density of water is at its maximum, i.e. stratiﬁcation for temperatures
below this value is always with coldest temperature at the top.
2.1. Solidiﬁcation
The mathematical model for solidiﬁcation is based on the quasi steady state approximation presented in Baehr and
Stephan [12]. This assumption implies that the capacity of the ice solid layer is neglected. It is further assumed that
the interface layer between the ice and the storage water is at the freezing temperature. Therefore when ice is formed,
the heat transfer coeﬃcient from the ice external surface to the storage water is not needed. When the ice layer is
growing at the external surface of the heat exchanger, the heat of conduction at the interface between the ice and the
storage water is equal to the heat of solidiﬁcation. For a time step of Δt the solid phase interface moves a distance Δice
following:
Δδice =
Q˙c · Δt
h f ,w · ρice · Ap (3)
where h f ,w is the water enthalpy of fusion and Ap the ﬂat plate area of the heat exchanger. The conductive heat at the
interface is calculated as the heat transfer from the external surface temperature of the ice layer Tice,s to the ﬂuid of
the heat exchanger at the average temperature of T f ,av:
Q˙c = U · Ap(Tice,s − T f ,av) (4)
where the global heat transfer coeﬃcient in [W/m2] is deﬁned as:
U =
1
1
αi
+
δp
λp
+ δice
λice
(5)
being αi the internal heat transfer coeﬃcient of the heat exchanger, δ is the thickness, λ the thermal conductivity
and the subscript p refers to plate. Finally, the heat used for the solidiﬁcation of the water in a deﬁned time step is
obtained from:
Q˙ice,s =
h f ,w · ρice · Δδice · Ap
Δt
(6)
By deﬁnition, when ice is formed −Q˙hx = Q˙ice,s, and Δδice is positive. When heat is added to the heat exchangers ice
is melted at the surface in contact with the heat exchanger. Therefore Δδice is negative and the ice thickness is not
used in Eq. 5. When the absolute value of Δδice is above a critical value in melting conditions, the rest of the ice layer
is assumed to detach from the surface of the heat exchanger and ﬂoat up in the surface of the ice storage.
2.2. Heat exchangers
In order to simulate the heat exchanger a constant heat transfer coeﬃcient along the ﬂuid path is assumed. With
this assumption an analytical solution of the ﬂuid temperature of the heat exchanger can be obtained:
T f ,o = Tsk + (T f ,i − Tsk) · e
−UAp
m˙cp (7)
where m˙ is the mass ﬂow rate, T f is the ﬂuid temperature of the heat exchanger and the subscripts o, i and sk refer
to outlet, inlet and sink respectively. When ice is formed, the Tsk is the deﬁned T f r and U is calculated from Eq. 5.
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When there is no ice, the heat exchanger is discretized into several CV if the ﬂuid path is parallel to the normal vector
of the plane between CVs of the storage tank and therefore Tsk for each section of the heat exchanger is the storage
water temperature of the corresponding CV. If the ﬂow goes perpendicular to the normal vector of the plane between
CVs, a volume averaged temperature of the storage is used as Tsk.
When there is no ice on the surface, the natural convection heat transfer coeﬃcient between the ﬂat plate and the
ﬂuid storage water is calculated using the expressions from [13] and [14] for immersed bodies in a liquid container.
The ﬁrst expression [13] was speciﬁcally developed for ﬂat plates and the model used in [14] is more generic. Even
that the ﬁrst expression is more suitable for this case, the second expression allows ﬁtting the Nusselt number if
necessary. Both equations are allowed in the present model. In order to calculate αi standard equations found in many
engineering books are used (see for example [13]). Once the outlet temperature is known, the heat transfer to the
storage can be calculated:
Q˙hx = −m˙cp(T f ,o − T f ,i) (8)
The ﬂuid averaged temperature can be obtained from:
T f ,av = Tsk +
Q˙hx
U · Ap (9)
and the external surface heat exchanger temperature is calculated with:
Thx,s = T f ,av − ( 1
αi
+
δp
λp
)Q˙hx (10)
The surface temperature Thx,s is used to predict when ice is formed and also to calculate αo when there is no ice
on the surface. In a similar way, T f ,av is used to calculate αi, thereby an iterative procedure is needed to solve the heat
exchanger.
2.3. Melting of ﬂoating ice
When the ice layers detach from the heat exchangers, they ﬂoat up to the surface of the storage where they can be
melted. The calculation of the melted ﬂoating ice is simpliﬁed assuming that ice is at freezing temperature, so that the
water internal energy at a speciﬁc temperature is used to melt the ﬂoating ice following:
Q˙ice,m = (ρcpV)w
T f r − Tw
Δt
(11)
The thermal resistance between ice and water has been neglected since the area of heat exchange between ice and
water is uncertain.
3. Thermal de-icing concept
In the concept of the ice storage presented here ﬂat steel plates (FPst) are used instead of the typical polypropylene
coils (CPP). There are several reasons to investigate the potentials of using FPst instead of CPP. The heat transfer
coeﬃcient of two hypothetic heat exchangers (FPst and CPP) with the same area (0.5 m2) have been plotted in Fig.2
as a function of ice thickness for an icing mode with an inlet ﬂuid of -6 oC. The wall thickness is 0.6 mm for the
steel plates and 3 mm for the polymer coil whose inner diameter is set to 2.6 cm. Results are presented for a mass
ﬂow of 300 kg/hm2, which in this case represents 150 kg/h, a typical value for this application. Simulations for FPst
show that the heat transfer coeﬃcient decreases very fast with the growing ice thickness. With a ﬂat plate a better U
value is usually obtained when a small ice layer is formed compared to a case without ice on the surface. The heat
transfer coeﬃcient for the immersed heat exchangers is rather low in this application when ice is not present due to
the conditions found here, i.e. natural convective case with a low temperature diﬀerence between source and sink
(water around the heat exchangers is close to 0 oC when ice is formed). Basically in order to know if for a speciﬁc ice
thickness the performance is better compared to a case without ice, the following expression λice/δs > αo has to be
fulﬁlled.
2346   D. Carbonell et al. /  Energy Procedia  57 ( 2014 )  2342– 2351 
The U value of the CPP heat exchanger decreases very fast with time as observed with FPst. However, the total heat
transfer including the growing ice surface (UA) shows only a small decrease with the growing ice thickness. For the
CPP, the heat transfer resistance of the ice growing layer is partially compensated by the increased heat transfer area
around the coil. This relatively constant UA phenomena of the ice-on-coil heat exchanger depends on the conductivity
of the phase change material, and the heat of fusion h f aﬀects the time needed to reach a speciﬁc thickness.
For the present case the UA value of the FPst is higher than that of the CPP for ice thickness below 7 cm, which
correspond to approximately 13.5 hours under the speciﬁc conditions used here. The high decrease of performance
for FPst is the reason of using the concept of de-icing which allows to work always under a good performance and
thus avoiding low temperatures at the inlet of the heat pump evaporator. Using this method the FPst performance is
always superior to that of the CPP for the same heat exchanger area. Nevertheless the FPst is much more expensive
than the polymer coils because it is made from steel. Therefore this decrease of performance could be compensated
using more heat exchanger area of CPP. The ratio between the volume of the ice storage and the heat exchangers is
also of interest. For example, using coil pipes one needs to ﬁll up the whole tank in order to use all the latent heat
capacity of the ice storage. While using a de-icing concept with some ﬂat plate heat exchangers at the bottom it is
possible to ﬁll up the whole tank with ice. Therefore the higher price of the steel plates may be compensated by lower
installation cost. Moreover a strong structure to counteract the buoyancy force of the ice on coil is not needed with
the de-icing concept.
Fig. 2. Heat transfer coeﬃcient of the heat exchanger between brine to water for 150 kg/h mass ﬂow rate of a steel ﬂat plate and a polypropylene
coil as a function of ice thickness (a) U (per m2 of heat exchanger external area) and (b) UA.
4. Experimental setup
Measurements were conducted with a laboratory scale ice storage ﬁlled with 1 m3 of water (see Fig.1b). The
experimental setup consists of three heat exchangers connected in series. Two of them are on one of the walls of the
storage (hx1 and hx2 respectively), referred as wall-hx, and the heat exchanger where ice is formed is located at the
bottom of the storage tank (hx3), referred as ice-hx. All of them are ﬂat plate fully irrigated heat exchangers made of
stainless steel. Only the heat exchanger at the bottom of the storage (ice-hx) is used to produce ice, the wall-hx are
used to provide heat from the ice storage to the heating demand directly or to be able to beneﬁt from the stratiﬁcation
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in the storage when delivering heat. Notice that the ice-hx located at the bottom part of the storage can not access to
the heat in the upper part of it. When the icing mode is active the brine is circulating only through the ice-hx at the
bottom. The ice-hx has a special design with plates at the edges to avoid the ice growing on the ﬂuid inlet and outlet
connecting pipes. Otherwise de-icing would not be possible.
Diﬀerent operating modes for heating, cooling, icing, and de-icing can be combined and controlled automatically
by a LabVIEW interface. Data was measured every two seconds and monitored values were averaged for every minute
for data processing and simulations.
As heat transfer ﬂuid, a mixture of 67% of water and 33% of mono-ethylene-glycol (Antifrogen N) was used.
Heating and cooling was provided by a Lauda RP 855 thermostat. The mass ﬂow of the ﬂuid was measured with an
electromagnetic ﬂow meter (Krohne IFS 5000, accuracy +− 0.5%). For measuring temperatures calibrated class AA
Pt100 sensors were used (accuracy +− 0.04 K). The temperature of the ﬂuid was measured at the inlet and outlet of
each heat exchanger. The surface temperature of the ice-hx at the bottom was measured on one side of the plate with
two calibrated Pt100 sensors (accuracy +− 0.04 K) located near the inlet and the outlet. The temperature of the storage
water was measured at four diﬀerent heights: 5%, 35%, 65% and 95% relative to the storage height.
The storage tank is meant to be used not only for icing mode, but also as a long term sensible storage tank.
Therefore it is necessary to validate the model not only for ice and de-icing mode, but also for heating, cooling, with
natural and forced (via heat exchangers) processes. Moreover, solidiﬁcation and melting of ice also has to be validated
in order to predict when the ice storage will be full of ice. From the experimentally studied cases, the most relevant
are presented hereafter:
1. Natural cooling (NC). The storage tank was heated up to 40oC before starting the test. Afterwards the mass
ﬂow through heat exchangers was switched oﬀ and the storage was slowly cooling down by losing heat to the
ambient during approximately three days.
2. Forced heating (FH). The storage tank was heated from ambient temperature up to 50oC using all heat ex-
changers connected in series.
3. Natural melting (NM). Around 70 kg of ice were formed in the storage tank via the heat exchangers before
starting the test. Afterwards the icing process was ﬁnished allowing the ice to melt due to heat gains to the stor-
age from the ambient. However, the mass ﬂow through the ice-hx was circulating with a low inlet temperature
not able to produce ice. This procedure was chosen in order to validate simultaneously the heat exchanger heat
transfer at low temperatures without producing ice and the melting of ice.
4. Icing and De-Icing (IDI). The sequence consists in cooling down to -5oC the inlet temperature of the heat
exchanger during one hour. In this period ice was formed on the surface of the heat exchanger. After one hour,
a heating period of 15 min was imposed at around 10 oC. During this sequence the ice was melted at the surface
of the heat exchanger and the ice plates were detached from the heat exchanger surface when the melted ice
layer was thick enough.
It is important here to remark that the mass of ice was measured only twice in experiments NM and IDI, once at
the beginning and once at the end of the test. The reason for measuring only twice is because every time the mass of
ice is measured the system is modiﬁed considerably. The storage tank is opened and all ice is weighted with a net on
top of the storage. In this process the ice layers are broken, which increases the surface and thus the exchange area
between the ice and the liquid water, accelerating the melting process of the coming periods. Moreover, in order to
take the ice out of the storage, the water is mixed with the movement of the hands inside the storage, thus aﬀecting the
temperature proﬁles. Obviously, it is possible to measure the ice with more advanced methods, but for the purpose of
the analysis this method was considered to be suﬃcient. Notice that with ﬂoating ice the water level can not be used
to measure the mass of ice unless all ice plates are forced to be underwater.
5. Validation
In this section a validation process with comparisons between numerical calculations and experimental data for a
laboratory scale ice storage of 1m3 is provided. Four cases of interest, namely NC, NM, FH and IDI, explained in
section 4, are used for the validation process.
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5.1. Natural cooling (NC)
The ﬁrst case analyzed is the natural cooling process. In this case only the storage temperatures are compared
with the experiments since there is no circulating ﬂow through the heat exchangers. This is the easiest modeled case
and it is used to calculate the eﬀective conductivity λe f f and the heat loss coeﬃcient to the surroundings UAe f f . The
storage tank averaged theoretical heat loss coeﬃcient is used as a reference UAre f =0.8 W/m2K. From this value,
additional losses UAadd from the cover, bottom and the rest of the CVs are ﬁtted with the experiments. Results for
storage temperatures at four diﬀerent heights have been presented in Fig. 3(a). When the above mentioned values are
adjusted, results match very well with experiments. In this case λe f f was set to 1.5 times the water conductivity, UAadd
was estimated as 0.2 W/m2K for all CVs except for the cover ( UAadd=0.67 W/m2K) and bottom CV ( UAadd=0.06
W/m2K).
Fig. 3. Comparison between experiments (symbols) and numerical calculations (solid lines) for the storage tank temperatures at four diﬀerent
heights of the store (left axis) in (a) NC and (b) NM along with the mass of ice (right axis).
5.2. Natural melting (NM)
In this test a nearly natural melting process is investigated (see section 4). The ﬁrst part of this validation consist in
analyzing the heat exchanger performance (the expressions of [14] for are employed). The energy extracted from the
storage tank predicted by the model has been compared with the experimental data showing very good results. Very
small diﬀerences in terms of energy extracted are obtained at the end of the test allowing a very good framework to
analyze the melting process of the ﬂoating ice. In Fig. 3(b) the storage temperatures at diﬀerent heights (left axis)
and the mass of ice in the store (right axis) are plotted along the time. The storage temperatures are predicted with
good precision for all the heights. The lower temperature analyzed at z = 5% increases with time due to heat gains
from the ambient and the temperature diﬀerence with respect to the experiments is small. The upper layers are full of
ice and therefore they are at more or less constant temperature. The temperature at z = 95% is at 0 oC because this
is a parameter of the model (T f r). On the right axis of Fig. 3(b) the mass of ice has been plotted along the time. In
the experiments only two measures are provided at the beginning and at the end of the experiment in order to avoid
human interference in the results (see section 4). The prediction of ice melting is in good agreement with respect
experimental data.
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5.3. Forced heating (FH)
The forced heating case has been experimentally measured in order to validate the heat exchangers performance.
The heat exchangers are connected in series from hx1 to hx3 (see section 4 and Fig. 1(b) for details). Besides the
serial mode, the model also allows a parallel mode with independent inputs for each heat exchanger. The parallel
mode is employed to ﬁt the parameters of the heat transfer coeﬃcients for each heat exchanger individually. The
series calculation is used for system simulations when the inlet temperature for each heat exchanger is unknown.
After the ﬁtting procedure, the series method is used in the results presented in this section. The outlet temperature
for each heat exchanger is presented in Fig. 4(a) for experiments and numerical calculations along with the inlet
temperature of the hx1. In general, temperature predictions are quite precise except at the beginning of the heating
period were the transient analysis that has been neglected in the present model is of importance.
Fig. 4. Comparison between experiments (symbols) and numerical calculations (solid lines) for case FH. Heat exchangers (a) outlet temperature
and (b) power provided to the storage tank.
The assumption of steady state leads to an over-prediction of the heat exchanger performance providing more heat
than in the experiments during the heating starting period (see Fig. 4(b)). The peak at the beginning of the heating
period is only observed experimentally in the ﬁrst heat exchanger. In the rest the sharp increase of inlet temperature
is relaxed by the thermal capacity of the heat exchangers. The sum of power of all heat exchangers is also presented
in Fig. 4(b). Comparing this value with experiments it can be observed that simulations over-predict heat exchanger
performance for around 3 hours and afterwards a under-estimated values are obtained. The energy provided by each
heat exchanger and the sum of all of them have been calculated. The total value is presented in the right axis of Fig.
4(b). Predictions tend to under-estimate the energy provided at long term. Diﬀerences are larger in the region where
the temperature diﬀerence between inlet and outlet for each heat exchanger is small.
5.4. Icing and de-icing (IDI)
An icing and de-icing sequence has been imposed in the experiments in order to validate the model under these
conditions. In this case only the heat exchanger for icing/de-icing is used (bottom hx of Fig. 1(b)). This is the
most complete case since almost all examined phenomena take place. Experiments and simulations are presented
in Fig. 5(a) for power and energy provided by the heat exchanger and in Fig. 5(b) the relevant temperatures of the
heat exchanger are presented along with the mass of ﬂoating ice. Both the power and energy extracted of the heat
exchanger presented in Fig. 5(a) show very good agreement with experimental data. Nevertheless, in order to match
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the heat exchanger power a 2.5 higher Nusselt number compared to the theoretical value for the calculation of the
has been used. With the sizes of the ﬂat plate and the mass ﬂows used in the experiments, the ﬂow is assumed to be
laminar. However, the design of the fully irrigated heat exchanger used in the experiments forces the ﬂow to mix and
the ﬂow would most likely be turbulent even at theoretical laminar Reynolds numbers with an enhanced heat transfer
capacity respect to the pure laminar case.
Fig. 5. Comparison between experiments (symbols) and numerical calculations (solid lines) for the case IDI. (a) Power (left axis) and energy (right
axis) provided by the heat exchanger to the storage and (b) heat exchanger outlet and surface temperatures (left axis) and mass of ﬂoating ice (right
axis).
The outlet and surface temperature of the heat exchanger are plotted in Fig. 5(b) (left axis). The outlet heat
exchanger temperature is well predicted with some discrepancies at the end of the heating process and more heating
power is predicted. The experimental surface temperature presented is the average of the two sensors (see section 4).
In the model the surface temperature of the heat exchanger is calculated by Eq. 10 and when ice is attached to the
surface, the ﬁlm temperature calculated as the average between the Thx,s and T f r is presented in the results. When
there is no ice, the Thx,s from Eq. 10 is employed. Nevertheless, the only relevant case in which Thx,s plays a role is
when there is no ice attached to the surface because the value is used as an indicator of the time when ice is formed.
When this value is below a certain threshold, usually lower than 0 oC due to subcooling, water starts to solidify.
The mass of ﬂoating ice has been plotted in the right axis of Fig. 5(b). Predictions for this value are in the order of
magnitude of the measurements. The mass of ice was diﬃcult to measure, therefore the experimental data has a high
uncertainty and discrepancies between numerical calculations and experiments are acceptable. The melting of ﬂoating
ice depends strongly on some uncertain parameters of the model. For example the heat loss coeﬃcient of the storage,
especially for the top section, aﬀects the melting process considerably. In the performed experiments this value was
not very well controlled because the cover has an open section for the pipes connections and even that it is covered
with some insulation material, some air convection may occur aﬀecting the melting process on the top of the storage.
Another uncertainty is due to fact that every time an ice layer detach from the heat exchanger when ﬂoating up to the
surface some mixing occur. This process can be modeled introducing an artiﬁcial higher mixing by increasing the
eﬀective conductivity of the storage. This value aﬀects the velocity of melting the ﬂoating ice.
6. Conclusions
In this paper, the development and description of a mathematical model of an ice storage tank has been presented.
The model considers that ice layers can be detached from ﬂat heat exchanger surfaces in the lower part of the storage
and ﬂoat up to the top of the storage tank. The application of this type of ice storage is for combined solar thermal
and heat pump systems for heating applications.
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The mathematical model of the storage tank is based on the solution of the one-dimensional transient heat conduc-
tion equation with several heat sinks and sources. The validation of the model is provided by means of comparisons
with experiments of a laboratory scale ice storage, including investigations on a newly developed ﬂat surface heat
exchanger with batched deicing. Several operating modes were investigated in order to validate the model under all
conditions of interest.
The model has been shown to predict successfully most of the operation modes for the main variables of interest
such as heat exchanger outlet temperature and energy exchanged, mass of ice produced or melted, and time of ice
formation. Nevertheless, the process of ice melting shows a great dependency on uncertain model parameters. In
order to match experimental results some parameters for the heat transfer coeﬃcients had to be adjusted properly.
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